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Idaho ' Library D8 R e Marrtkn in XDC 57-7-710 a brief statement is, perhaps, s t i l l i n order.
.. Whereas gamma ray photons comprise only about f i v e percent of the t o t a l energy production i n a reactor, t h e i r energy i s not e n t i r e l y dissipated d i n the immediate neiihborhood of the f i s s i o n point as i s the case with the k i n e t i c energy of f i s s i o n fragments. Consequently ganuna radiation gives r i s e t o an internal heat sourae density in the moderator region.
~e'cause of t h e . e f f e c t of such heating upon the . s t r u c t u r a l properties of the reactor, the gamma-energy l o s s distribution i s of p a r t i c a a r -i n t e r e s t . The' program i s intended primarily f o r heavy moderakof s . If used f o r l i g h t moderators it w i l l usually over-estimate the heat source density in the l i g h t material reiions . This over-estimation occurs because
. . -. . . the program does not trace high energy electrons, The p a r t i c u l a r program t h a t has been written and which w i l l subsequently be discussed applies t o an i n f i n i t e l y long heterogeneous reactor, Whereas -the'method should be equally good f o r the central c e l l of any i n f i n i t e l y long reactor with a hexagonal f u e l tube array, the diagrams used w i l l depict a cylindrical reactor f o r simplicity in drawing. The intersection of such a reactor with i t s transverse plane i s shown i n Figure 1 . The cross section i s &en covered with hexagons in the manner shown. Note -t h a t each hexagon contains the cross-section of one complete tube and the "inner-third" of i t s six nearest neighbors, provided of course t h a t the I * hexagon does not l i e too near the edges of the reactor.
By a c e n t r a l c e l l i s meant one. of these hexagons which does not l i e wtoo close" t o the reactor boundary, The term "too closeu i s rather a r b i t r a r y and should became more meaningful when the re-entry scheme i s analyzed, Since the reactor i s i n f i n i t e l y long, there w,fil: be no & pdependence on the form of the distribution obtained i f t h e photon source distribution i s z-independent, In the case of a more r e a l i s t i c , f i n i t e l y long, reactor, the derived distribution should be applicable if one avoids being ntoo close" t o the inds of the reactor. Monte 
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To pick a point randomly h f u e l tube J, choose RN 1 3 R~2 and l e t h e Fi a r e e q u a l l y spaced energy s e l e c t i o n points and i s t h e cut-off energy. The f (~i ) = P ( F i < E <~i + l ) a r e normalized t o take i n t o account a t h e cut-off s o t h a t r f ( F . ) ' = 1. The following a r e required as iriput;:
i-1 J (a) a , t h e number of. histogram i n t e r v a l s , i n f i x e d point;
. '.. . . 
i
. i ( c ) PI, p p , . . . , Pawl, i n f l o a t i n g p o i n t , where pi = f ( F j ) . .
j =1
( s i n c e pa = 1, t h i s q u a n t i t y . ' i s n o t required a s input.)
.. . , .'".
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The' flow c h a r t f o r t h i s r o u t i n e follows on.'.the~~next page. . . . T '
depending upon t h e region and t-ie energy l e v e l of t h e p a r t i c l e . The f l m 1. 1 c h a r t assumes t h e following form: Figure 6 .
U N C L A S S I F I E D
The r o u t i n e s compute Z T by L o g a r i t~m i c of l i n e a r i n t e r p o l a t i o n a s t h e i r names suggest. I l l u s t r a t i n g , f o r example, t h e f u e l l i n e a r routjne, consider
t h e acc?mpanying graph from which Z i s t o be computed 'as a function of T 3 Figure. 7.
T (~) i s t h e cross-section which. i s approximated by l i n e a r i n t e rpolation between t h e points (E , ( ) ) . These p o i n t s a r e chosen t o
Fi 1
give some sense of optimum f i t t o the curve t (E) and i t i s n o m a l l y T not t r u e t h a t f ( % ) i s the c o r r e c t 2 T(% ).
..
The frequency function f o r t h e jump length i s given by The p r o b a b i l i t y t h a t I(-) L ' i s -2, L'
; theref ore l e t
-& L'
L' = --,Lje Rr.
f 7
This i s the t h r e e dimensional jump length; a s only a projected jump length i s needed i n Block 8,
I
L.= L 6 0 i s computed and w i l l be used t o t r a c e t h e p a r t i c l e t o the next reaction . , point . Figure 14 .
During t h i s p a r t of the program all c a l c u l a t i o n s a r e done i n r e c tangular coordinates i n t h e T plane. The accompanying flow c h a r t i l l u s t r a t e s t h e flow of t h e p a r t i c l e through t h i s block. See
It should be remembered t h a t t h e jump length,L, was computed using t h e cross-section f o r t h e m a t e r i a l i n which the l a s t reaction ( o r t h e source p o i n t ) occurred. Hence, i n Figure , i s used a s t h e remaining jump length, s t a r t i n g from t h e p o i n t P1. If P were i n t h e moderator, then . .
would be used.
The re-entry scheme i s an a r t i f i c e p e r m i t t i n g , c a l c u l a t i o n s t o be c a r r i e d -out in s i n g l e c e l l a n d
i s j u s t i f i e d o n l y i f a c e l l w h i c h i s n o t t o o close t o t h e l a t e r a l surface of . t h e r e a c t o r i s being considered. I f t h e l a t e r a l s u r f a c e . i s avoided, then one would expect, p r o b a b i l i s t i c a l l y , t h a t , over a given segment of t h e boundary, j u s t a s mang p a r t i c l e s leave t h e hexagon a s e n t e r . I n t h e re-entry method used, i f a p a r t i c l e crosses t h e c e l l boundary, it i s entered across t h e opposite s i d e a t a sirtiilarly s i t u a t e d
y u l~l t ; , r e t a i n i n g its original d i r e c t~o n , Figure . ' '9 .,. i:
9. For energies above about 1.02 mev the primary reactions a r e Compton s c a t t e r i n g and p a i r production whereas below t h i s value the primary reactions a r e Compton s c a t t e r i n g and photoelectric emission. Th'e Compton f r a c t i o n , C which' i s here computed by l i n e a r i n t e r p o l a t i o n represents F ' the p r o b a b i l i t y of Compton s c a t t e r i n g a t the reaction point. The comput a t i o n of C may assume any one of four branches, depending upon the photon F energy and t h e region in which t h e reaction occurs. Figure 10, The routines. .... a r e q u i t e s i m i l a r t o the l i n e a r routines used in t h e compu-, t a t i o n of the t o t a l cross-section. . .
The p r o b a b i l i t y t h a t RN<C i s t h e p r o b a b i l i t y t h a t t h e r e a c t i o n i s
13.
If t h e r e s i d u a l photon energy ft;i:lI$+below a c e r t a i n value, the p a r t i c l e i s no longer followed and t h e energy i s dumped a t the c u r r e n t r e a c t i o n (a) The p h o t o e l e c t r i c cross-section i s so l a r g e f o r small energies t h a t t h e next r e a c t i o n w i l l probably occur very near t h e c u r r e n t r e a c t i o n point, and, in addition, it i s most l i k e l y t o be photoe l e c t r i c .
( b ) The dump-energy i s q u i t e small anyway.and a s l i g h t e r r o r in t h e simulation of i t s remaining l i f e t i m e w i l l not appreciably.'
, change t h e d i s t r i b u t i o n , U. The s c a t t e r i n g angle i n t h e LAB system i s given by ~e c a u s e of azimuthal i s o t r o p y i n t h e LAB system vL,, i s chosen a s &n R, .
. . ....
The transformation from t h e LAB t o t h e f i x e d system may b e of s p e c i a l
,.. .. i n t e r e s t because it has a r i s e n ' i n other programs. ., .
i . e . > aij i s t h e inner product of t h e i -t h u n i t vector i n t h e f i x e d system with t h e j-th u n i t vector in t h e LAB system. Thus defined, t h e t r a n s - 1 6 . For reasons of symmetry, t h e d i s t r i b u t i o n s i n the six s e x t a n t s a r e superimposed. t o give a composite t r i a n g u l a r , d i s t r i b u t i o n . The number of . ..
angular and r a d i a l increments. and t h e l o c a t i o n of t h e r a d i a l increments
a r e s p e c i f i e d i n the i n p u t su&ary.
. .
Referring t o ~i~u r e ' 1.2, t h e t r i a n g l e i s divided i n t o histogram a r e a s ; (i,j) . dis.tribution given f o r ( i , j). w i l l n o t be v a l i d since, due t o the re-entry . -scheme, no r e a c t i o n s occur outside the t r i a n g l e .
The R , i = 1,2., O , a r e a r b i t r a r y input q u a n t i t i e s a s a r e N 1 and A I , t h e i number of R. and d i resp'ectively. 
3.1,2
Data:
The d a t a r e q u i r e s a minimum of 21 cards. The order i s immaterial. f i g u r e s . In t h e event t h a t t h e d a t a assigned t o a card should exceed column 72, a continuation card may be used.
The d a t a w i l l then"consist of t h e 22 cards depicted i n 3.3 .add':'>?'".
an end of f i l e card, except, perhaps, cards numbered 19 and 20.
. ., .. : ! .
',.!,.. .,....
3.T.3
Restrictions:
( a ) Storage a l l o c a t i o n imposes t h e following r e s t r i c t i o n s : . .
